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McXLecular Evolution ProJect 

Semiannual Status Report, B. L. No. 71 

Since t h i s  is the first semiannual perlod of a propoeed three 
ysars' progrem, m a s t  of the effort has gone into the design of experbents 
and the construction of special Items of a m t u s .  An attxsnpt has been made 
t o  relate tbe problem of molacular evolution t o  the quastion of the origin of 
life. Far the bemefit of etudcnts sad staf'f, a smiaar series on the origin 
of l i fe  yag held and, although not a part of this project, a description is 
given in the enelomre. 

Remarhs on the Molecular Evcilution Problem 

Sane of the features of moleculsr caution which have recently be- 
cane apparent t o  us Ku1 be noted briefly here, and describe4 more f'ully in 
subsequent publication. Our in i t ia l  approach has been by mearm of sttempted 
generalizations of the 2W.ler erperinient. It seerns important t o  be able t o  
comment on the extent t o  which a Miller'type synthesis is inaepcndent of start- 
ing mterials and typet of energy source, since the relevance of any given experi- 
ment t o  actual primnral earth conditions may be questioned. 

Such a generalization may be stated i n  the following way: 
a closed system containing a defined but arbitrary chemical W u r e  which is 
subjected t o  a given energy flux of suffic€ent qusntum energy to break any 
chemical bo& in the  system, if it is absorbed. 
a system w i l l  1) approach an equilibrium, or  2) approach a steady state? It 
mig;ht seem thst  only under highly spec id  conditions would an equilibrium be 
attained, but that a steady state should result quite generally. What then 
would be the properties of such a steady state? A6 molecular evolution pro- 
ceeds in the presence of this energy flux, w i l l  there be a tendency toward the 
formation of higher molecular weight compounds or towsrd simpler campounds? 
These questions can of c o m e  be approached experimentally. 

consider 

One may then ask whether such 

Then there I s  the question of hoanogeneoua VS. heterogeneous syetans. 
The HUler experiment itself' I s  heterogeneous: the whole synthesis eventua3ly 
comes t o  a halt as the  gastous starting materials are remQved f2.cnn the  resction 
through comrersion t o  larger molecules which remain in the acqpeous phase and 
85e unable t o  reach the electrical  dl~charge and react M h t r .  There is thus 
a built-in mechanism for the protection of newly synthesized materials against 
diesolution by the discharge. The price paid for t h i s  i s  the inability t o  fur- 
ther excite these cmpoumb t o  unaergo further synthesis. 

It msy be pointed aut that most of the detailed mechanisms proposed 
t o  have occurred during the origin of life require specisl,,conditions, e.g. Fox's 
anhydroua mino acid reactions, 0Pe;rin's coacervate formation, Om's cyani& 
syntheses, etc. That is t o  say, all of these require heterogeneous sptents and 
resct8nts in hlgh concentrations. When such hlghly specialized experimental 



conditione are invoked, the burden of proof is upon the  proposer, t o  show that  
such conditions .&re hi6torically realist ic.  

%leCular evolution in hamgeneow (or "aLmOst-hmogeneous") systems 
seems t o  have bee?, largely Ignored. The basjs for t h i s  appears t o  be the  be- 
lief that closed chemical SYaternS under excitation w U 1  tend toward simpler 
molecules. E%perllmental data regarding such systems is meager, but that  which 
ia available f m  radiation chsmicsE. studies suggests tha t  continued molecular 
aggregation may occur. For example, in the radiolysis of methane the main pro- 
duct 28 hydrogen, but ethane, p-, e t c . ,  are formed i n  smaller yields. 
Polymers 8re also found. If one then stms with a given saturated hydrocarbon 
one would expect t o  find a distribution of products of both lower and higher m.w. 
The nature (c?r even existence) of steady s ta te  caposit ion has not t o  our know- 
ledge been investigated. Since mdlecd-ar evolution i n  homogeneous s y s t e m  re- 
quires the least number of special assumptions, the data obtained should have 
general appXicability, 

The "&print Hypothesis" 

Since the greatest eourcc of energy available for prebiological 
synthesis was the solar  output, we are presently engaged in a study of molecular 
evolution under U.V. irradiation. Ow quite general hypothesis haa emerged 
which is now being eqerimentally tmt&. The idea is quite simple: 
imd€&tes  a sohxtion of 8 cmplex organic m i x t u r e  with monochramatic U.V. of 
wavelength A, then those molecules which absorb appreciably at this wavelength 
w i l l  be pnferent-y convert;& t o  photo products, while those not absorbing 
at t h i s  wavelength w i l l  -in unaltered. 
w i l l  thus shaw a dip in O.D. at the wavelength of the  incident energy. By ex- 
tension therefore, If one irradiates simultaneously at several h'8, the absorp- 
t ion spectrum of the mixture should evesl;ually show depressions at these A's .  
!&is may be summarized by saying that the irradiation of an organic solution 
w i t h  U.V. having a given s p e c t d  prome w i l l  induce photachemical changes 
such Ghat the solutian w i l l  mntually hsve an absorption spectrwn which is the 
cfimqi!aenP; of' tire spectrum of t h e  iacfderrt 1-%. 

If one 

The absorption spectrum of the eyetau 

This, we term %he "imprint hy- 
pOth@6i8n. 

If th i s  hypothesis proves d i d ,  %haw we can at once say somathing 
about the steady state of a molecular evalution process - namely that though 
we may know very l i t t l e  a b G u t  the chemical cnpmposit'on of the  system, it will 
tend toward such a distribution of molecular types as t o  minimize I t s  inter-  
action with the incident light flux, Or, in another context, i f  the dietribu- 
t i o n  of solar energy on the earth's surface during its primeval stages be 
known, one can say something aboe, the relative stabilities of the different 
biological compounds under these conditions. The experimental evaluation of 
th i s  hypothesis is in proe,l.ess. 

Experiments in  Progress 

We are investigating the reaction of simple hydrocarbon gases i n  an 
electric discharge, by means of ga8 chromatography, in order t o  determine the 
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nature of the products and t o  see whether th i s  form of excitation leads t o  
similar results aa ioniziog radiation. 
the irradiation of fairly complex organic solutions with monochromatic ultra- 
violet radiation have been started and preliminal-g resulfs seem to support the 
imprint hypothesis. riments involving the irradiation of 8 m i x t u r e  of 
aqueous am 

t ion of dose. 
rise i n  osmolarity - Indicating an increase in the number of: product molecules, 
folloWea af higher doses by a decrease. It is hoped that tbe further study of 
these systems w i l l  reveal whether same colligative property may be followed as 
an indicator of whether chemical bond fonnetion or destruction i e  the dcanin- 
ating feature in  a given syatem. 

Photochemical experiments invclving 

acids w% :g 7-rays, w e r e  carried out to fairly high total  
doees (% 10 it3” rads) and the osmlarl ty  of the solution- was determined 88 a func- 

It was found in both instances that there was an intermediate 
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